Nowadays robots play an important role in society, mainly due to the significant benefits they provide when utilized for assisting human beings in the execution of dangerous or repetitive tasks. Medicine is one of the fields in which robots are gaining greater use and development, especially those employed in minimally invasive surgery (MIS). However, due to the particular conditions of the human body where robots have to act, the design of these systems is complex, not only from a technical point of view, but also because the clinical needs and the normativity aspects are important considerations that have to be taken into account in order to achieve better performances and more secure systems for patients and surgeons. Thus, this paper explores the clinical needs and the technical requirements that will trace the roadmap for the next scientific and technological advances in the field of robotic surgery, the metrics that should be defined for safe technology development and the standards that are being elaborated for boosting the industry and facilitating systems integration.
| INTRODUCTION
Introduction of robotic technology in the surgical field has offered objective and measurable advantages in comparison with traditional procedures, including reduction of tissue traumatization, reduction of systemic inflammatory response, shorter hospitalization and rehabilitation time and reduced pain and discomfort. 1 First advances in this area were limited to adapting industrial robots to the medical application without being optimized for the characteristics of specific surgical tasks. NeuroMate, Robodoc and CASPAR are some examples of adapted programmable industrial robots applied in the operating room with limited output and success. 2 However, since the beginning of the 21st century, technological advances have enabled innovative robotic platforms able to perform complex interventions through minimal incisions (MIS) or natural orifices (NOTES). Consequently, in the last 15 years, numerous surgical groups worldwide have incorporated robotic technology to their daily practice. Figure 1 summarizes the main clinical applications where surgical robots have been adopted. 3, 4 However, despite years of research and the great potential of some systems, the field of surgical robotics is still only at the beginning of a very promising large-scale development. The evolution experienced with the use of robotics in some medical procedures is expanding its area of application to more challenging scenarios, requiring further refinements in the proposed systems. In addition, the current surgical robotic systems are extremely expensive in acquisition, maintenance, disposable tools and training, representing much higher direct costs compared with open surgery and laparoscopic instrumentation. 1, 5 On the other hand, a legal framework that can accompany the development of these robotics systems is also fundamental, since neither the end-users at the experimental level nor the designers and manufacturers at the industrial level can properly appraise the risks nor duties entwined in their work until a clear analysis of the interplay between robotics and regulation has been made. 6 Therefore, although a large number of robotic systems have been developed, 1, 7 several technical, logistic, economic and safety issues
have not yet been addressed, limiting broader adoption of these systems by the majority of hospitals. It is then necessary to develop new surgical robots that satisfy the requirements of surgeons and to rectify the technical and economics aforementioned problems. Based on this, the present article reviews the clinical needs, the technical requirements, and the normativity aspects that have to be taken into account in order to obtain designs with better performance and more secure systems for patients and surgeons.
| CLINICAL NEEDS AND TECHNICAL REQUIREMENTS
Clinical needs are established as prerequisites for any development programme of surgical robotic systems. They will ultimately define the goals and specification of the project. Nowadays, specific clinical needs in specific surgical procedures are demanding more customized robotic systems. This differs from the approach of the da Vinci Surgical System, which in general, has been to find a clinical need for a multipurpose technology, rather than to specifically design a technology for a targeted clinical application. Table 1 7-14 summarizes the main areas of improvement for surgical robots utilized in the clinical applications that were illustrated in Figure 1 .
From Table 1 it is possible to extract the most urgent clinical needs that should be met in order to achieve greater acceptance and market penetration of surgical robots. These clinical needs are Therefore, it would be desirable to count with multi-channel instruments that can be moved independently, instead of inline instrumentation and optics. p. Ergonomics. The need for solving ergonomic problems is attracting a lot of attention in the last years, mainly due to the cumulative musculoskeletal injuries reported by surgeons while conducting MIS surgeries. Use of surgical robots requires that surgeons sit down for extended periods at a surgical console from which they control the robotic arms and view the surgical procedure through a high resolution viewer. This can lead to sustained trunk and neck flexion, resulting in discomfort in those regions. 43 In addition, the motion scaling can force the surgeon to move his arms long distances at the console for certain manoeuvres (e.g.
pulling on a thread), which, in contrast, are easily performed during laparoscopy. Similarly, the quality of the Metzenbaum scissors is not comparable with the laparoscopic counterpart, and there is no instrument comparable with a right-angle dissector 44 ).
On the other hand, ergonomics for the assisting surgeon using a surgical robot are even worse than in standard laparoscopy. iii Monitor Position. The monitor position is important because it influences decisively the posture adopted by the surgeon during surgery, which may cause discomfort and fatigue in the muscles of the back and neck due to a high inclination of the cervical spine. 46, 47 iv Standardization of the trocar position. In this way, it would be possible to minimize collision of arms and disturbance of the assisting surgeon.
q. Training and credentials. Next, a summary is made on the basis of these international working groups and regulatory organizations. A brief overview of the CE Marking of surgical robots is also included at the end of this section.
| SAFROS -patient safety in robotic surgery
One of the main objectives of this Seventh Framework Programme (FP7) Research Project was the definition of patient safety metrics for surgical procedures. 53 The methodology implemented for the definition of this metrics involved three increasingly complex levels of analysis: product safety analysis, process safety analysis, and organizational safety analysis. This enabled evaluation of the safety of the proposed technologies considering them first individually, then analysing their impact when they are included in a surgical procedure, and finally, integrating them into a wider organizational context. 49 Thus, the product safety level assesses the technical features of the robotic surgery solutions, whereas the process safety analysis evaluates the effects of integrating the aforementioned products into the different stages of surgical procedures. The analysis of these levels provided, respectively, the set of technical and medical safety metrics that are summarized in Table 2 . 49 The product safety analysis was focused on virtual simulators for planning, pre-operative planning technologies and robotic simulators. Process safety analysis included factors such as the procedure-related risks, robotic-surgical procedure, patient related information and OR environment. 
| US National Institute of Standards and Technology (NIST)
NIST
| CE Marking
In Europe, robotic surgery devices require a CE-mark before they can be place onto the market. The Finally, as a summary, Figure 2 gathers the main points described in this section.
| CONCLUSION
The research review carried out in this article shows up that in spite of the great progress achieved, robotic surgery should confront important 58 Thus, it is possible to confirm that the field of surgical robotics is still only at the beginning of a very promising large-scale development.
